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BUTYL FABRICS AS CANAL LINING MATERIALS l 
C. W. Lauritzen and W. H. Peterson2 
Introduction 
T HE most important prerequisite of linings for controlling seep-age losses from irrigation canals is their watertightness. In ad-
dition to being watertight, a lining must be relatively durable if it is 
to be economical. Rigid materials provide satisfactory linings for 
canals with well-drained and stable subgrades. Under other con-
ditions, where expansive soils are encountered and ground water is 
.a problem, a rigid lining such as concrete is not durable. Consider-
ing the many factors that govern the utility and durability of linings, 
the ideal lining would consist of a material with some flexibility , a 
material resistant to erosion and mechanical damage, and one with a 
.smooth surface. The search for a material of this type led to a 
consideration of asphalt and rubber-coated materials. Natural rub-
ber, while watertight, deteriorates rapidly. Some of the synthetic 
rubbers such as butyl, on the contrary, show high resistance to de-
terioration from weathering and biological activity. 
Sample Fabrication 
SEVERAL butyl compounds were prepared in the laboratory in order to select a compound resistant to aging, mechanical dam-
age, biological deterioration, and weathering, properties essential to 
a good canal lining material. The compounds selected are listed in 
table 1 and the composition of adhesives in table 2. 
In order to give the butyl lining additional strength, it seemed 
desirable to apply the butyl to a fabric. Samples of cotton, rayon, 
nylon, jute, and glass fabrics were coated with butyl as described 
in table 3. It will be noted from this table that each of these ma-
terials was calendered with two grades of butyl face stock, one 
lContribution from the Utah Agricultural Experiment Station in coopera-
tion with the U. S. Soil Conservation Service, Research, Division of Irrigation 
Engineering and Water Conservation, and the Enjay Company, Inc., New 
York City. 
2Employees of the Soil Conservation Service and the Enjay Company. 
Inc., respectively. 
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Table 1. Butyl compounds prepared and tested in connection with selection 
and preparation of butyl fabrics for canal lining 
Formula A 
CR-I-50 
CR-1-35 100 
Zinc oxide 5 
Mentor 28 
Butyl rubber reclaim \) 
McNamee clay 
SRF black 72 
Tetramethylthiuram disulfidef 
Tellurium diethyl dithiocarbamatd 
Mercapto benzothiazole § 
Sulfur 2 
Copper oxide (red) 
Stearic acid 
Quinone dioxime ll 2 
Benzothiazyl disulfideU 4 
Forum 45 5 
Paraffin 2 
Unaged-cured at room temperature 
Tensile-elongation 
Mod. at 200 percent-Shore (Inst.) 
30' at 287 0 F. 1290-560 
60' 
90' 
120' 
385- 49 
1405-480 
540-51 
1460-470 
570- 49 
1505-445 
670- 50 
Price per lb. 
A-$.14 
B-$.078 
B C 
100 100 
10 10 
10 
150 150 
208 206 
1 1 
1 1 
1 1 
4 4 
4 
2 
10 
630-510 
330- 52 
700-450 
410- 52 
730-480 
420- 55 
710-450 
390- 55 
\)Butex 
tTuads 
iTellurac 
§Captax 
Il CMF 
1fAltax Lowest quoted price 
India Rubber World, 
September, 1947 
D 
100 
5 
7 
72 
0.5 
0.5 
0.5 
2 
2 
1260-790 
180- 46 
1320-650 
370- 52 
1290-520 
540- 55 
1290-460 
630- 58 
costing about double the other. At the time these samples were 
coated in the laboratory, the adhesion was better with formula A, 
the more expensive coating, but now after several years of aging, 
there is little indication that A is more durable than formula B 
under the conditions of the test. Upon completion of the original 
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Table 2. Cements used in fabric preparation 
Formula 
GR-I-35 
GR-I-50 
Butyl rubber reclaim 
S-40-B-3 resin 
Zinc oxide 
SRF black 
McNamee clay 
Sulfur 
Quinone dioxime 
Benzothiazyl disulfide 
Tetramethylthiuram disulfide 
Tellurium diethyl dithiocarbamate 
Mercapto benzothiazole 
Forum 45 
Wax 
Stearic acid 
Dibenzo quinone dioxime 
Pba 04 
R 
100 
5 
72 
2 
2 
4 
5 
2 
S 
100 
150 
10 
208 
4 
1 
1 
1 
10 
2 
T 
100 
5 
1.5 
3 
6 
10 
7% 10% 5% 
5 
Cement solids content 
Solvent Solvent naphtha Solvent naphtha Carbon tetra-
:J±3 #3 chloride 
laboratory work, it was concluded that the composition which 
would best fulfill all of the requirements for a canal lining material 
was the one made with glass fabric. The glass fabric would not be 
subject to the wicking action of water and would also be entirely 
resistant to biological deterioration. The butyl selected was the 
grade having the lowest unsaturation and thereby the one least 
affected by the elements of nature when continually exposed out-
doors. 
Production for Installation Test 
T HE production3 of sufficient yardage of butyl coated glass fabric was prepared using formula A (table 1). In the weaving pro-
cess of glass cloth, a lubricant is necessary on the glass fibers. This 
lubricant caused difficulty in obtaining good adhesion of the butyl 
coating to the fabric. It was, therefore, necessary to remove the 
lubricant and coat the strands of glass with an adhesive. This was 
lIJ'he samples were fabricated by Rainfair, Inc. , Racine, Wisconsin, under 
the direction of Enjay Company, Inc. The glass fabric was contributed by 
Owens Corning Fiberglas Corporation. 
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Table 3. Composition of butyl structures tested 
Reinforcing Face 
Structure fabric Cement stock 
A-4902-1A Fiberglas 0 R A 
A-4902-1 Cotton Drill R A 
A-4902-2 Cotton Drill t S B 
A-4902-3 Rayonl R A 
A-4902-4 Rayon§ S B 
A-4902-5 Rayon" T A 
A-4902-6 Rayon I I T B 
A-4902-7 Nylon~ T A 
A-4902-8 Nylon 0 0 T B 
A-4902-9 Jutetf R A 
A-4902-1O Jutetf S B 
A-4673-2 None C 
A-4673-3 None D 
°Dipped in cement R cut in rubber makers naphtha to approximately 
7 percent solids. In the 1948 production forum 45 and paraffin were omitted 
and 10 parts of Amberol St 137-X were added to the compound before cut-
ting with navhtha. This change in the dipping stock seemed to result in a 
better coating on the 2lass cloth and more uniform adhesion to the fabric 
during the calendering operation. 
tCalendered with difficulty until stearic acid added. 
tDipped once in cement R and excess squeezed out. 
§Dipped once in cement X and excess squeezed out. 
II Dipped once in cement T and excess squeezed out. 
UImpregnated by dipping cement T once. Passed through squeeze, rolled 
twice and dried. 
o o Impregnated by dipping cement T once. Drained and dried. 
t t Impregnated with cement indicated twice and excess squeezed out 
after each impregnation. 
accomplished in one step by dipping the fabric in cement R as 
listed in table 2. In the 1948 production, cement R was changed 
by omitting the forum 45 and paraffin and adding 10 parts of 
Amberol ST 137 -X. The glass fabric dipped in this latter modified 
cement had a more uniform coating and required less coating 
pressure when calendered with formula A, one coat on each side, 
to a finished coating weight of 20 to 22 ounces per square yard. 
The coated fabric was then vulcanized. by festooning in an air 
oven for 90 minutes at 270°F. 
BUTYL FABRICS AS CANAL LINING MATERIALS 7 
Biological Deterioration 
SINCE canal linings are of necessity in intimate contact with soil and associated biological processes, it is important to determine 
the extent to which fabrics under consideration for canal linings 
will be subject to deterioration from biological activity. To obtain 
data on this point, samples of each butyl-coated fabric and each 
uncoated fabric were buried in a soil compost. The compost was 
maintained in a moist condition at a temperature of approximately 
80°F to stimulate maximum biological activity. Two types of 
samples were used; 3 by 3 specimens and 2 by 12 inch specimens 
prepared by cementing two strips 11/2 by 12 inches together with a 
I-inch seam. The resistance to hydrostatic pressure was determined 
on the 3 by 3 inch samples removed after four years and 138 days. 
The 2 by 12 inch samples provided specimens for testing the in-
fluence of biological activity on exposed seams. The composition 
of the cement used is given in table 4. All samples, except the 
butyl-coated jute, were placed in the compost January 29, 1948, 
Table 4. Self-curing cements used on seams 
Formula 
GR-I 
Zinc oxide 
Stearic acid 
GMF 
Sulfur 
Pb02 
G 
100 
5 
3 
4 
l.5 
H 
100 
5 
3 
l.5 
8 
Staybelite ester gum it3 
Philblack 
40 
80 
Cement 
Solids content 
Solvent (naphtha # 3 ) 
400 grams stock 
1950 grams 
400 grams stock 
1810 grams 
Add 1 percent weight of 91 percent isopropyl 
alcohol to each cement 
Mix cement G and cement H 50/50 just prior to use 
Cement applied by: 
l. Wipe 2-inch strip on edge of fabric with naphtha. 
2. Brush thin coat of cement on prepared surface. 
3. Allow to dry. 
4. Press and roll the seam. 
Table 5. Inspection notes on samples aged in soil compost 
State of deterioration 0 
Structure Test inspection dates 
no. Material began 6-16-48 2-11-49 7-8-49 11-1-49 11-9-50 6-15-51 10-8-52§ 
A-4902-1A Butyl-coated 1-29-48 
fiberglas 
A-4902-1 Butyl-coated 1-29-48 
-+ -+ -+ -+ -++ +++ 
A-4902-2 cotton drill t " 
-+ -+ -+ -+ -++ +++ 
A-4902-3 1-24-48 
-+ -+ -+ -+ -++ +++ 
A-4902-4 Butyl-coated " 
-+ -+ -+ -++ -++ +++ 
A-4902-5 rayont ..:....+ 
-+ -+ -+ -++ +++ 
A-4902-6 
-+ -+ -+ -+ -++ +++ 
A-4902-7 Butyl-coated 1-29-48 
A-4902-8 nylont t " 
A-4902-9 Butyl-coated 4-1-48 
-+ -+ -++ -++ +++ +++ 
A-4902-10 jute 
-+ -+ -++ -++ +++ +++ 
A-4673-2 Buty!, sheet 1-29-48 
A-4673-3 " 
O--No observable deterioration. 
- + Slight deterioration of reinforcing material. 
- + + Considerable deterioration of reinforcing material. 
+ + + Complete deterioration of reinforcing material. 
t Face coat could be separated from fabric by stripping back edges from the time of the first inspection. Where 
stripped back the fabric was wet, indicating wicking. After drying out adhesion between the face coat and the fabric's re-
inforcing was largely regained as evidenced by the good hydrostatics (table 6). 
tSlight separation of coating from fabric along edges and discoloration of exposed fabric. 
§Joint cement almost completely deteriorated. 
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and the jute on April 1, 1948. Successive inspections have been 
made since that time. The results of these inspections are reported 
in table 5. After four years, the reinforcing material in all samples, 
except the butyl-coated fiberglas and nylon, had almost completely 
deteriorated. The Mullen's hydrostatic resistance and the adhesion 
between the face stock and the fabric of the 3 by 3 inch speci-
mens before a~d after aging are given in table 6. All adhesions 
were pulled at ·2 inches a minute on a conventional Scott tensile 
machine and the hydrostatic resistance obtained at the rate of one 
turn per second on the Mullen tester. While the hydrostatic value 
for the different fabrics subjected to the rot test was not determined 
originally, the high values indicate the deterioration, if any, during 
the first 138 days was not serious except possibly in the case of the 
jute coated with the cheap face stock. I 
The butyl face stock aged four years in soil compost under-
went practically no deterioration; the self-curing cement used to 
lap seam the cured fabrics had deteriorated as had the cotton, 
rayon, and jute reinforcing fibers. 
The most resistant structures hydrostatically are the butyl on 
nylon, showing little or no deterioration, and the butyl on fiberglas, 
which retained better than 50 percent of the original resistance. 
The hydrostatic pressure in the latter is that required to break the 
fiberglas, after which the pressure drops and a large butyl blister 
is formed, increasing in size to the limit of the machine's pumping 
capacity. 
Rayon, cotton drill, and jute follow in decreasing order of 
hydrostatic resistance, the values showing the degree of fiber decay. 
Adhesion in shear, assuming that the fiber tensile strength is greater 
than the adhesive bond strength, reflects completely the bond 
strength. As fiber strength decreases, the adhesion reflects more 
and more the fiber strength. Except in the case of butyl sheet 
structures and nylon, the results in the main reflect fiber strength. 
During the elongation of the butyl coating following fiber break, 
a small additional increment of strength is displayed while the 
bond slowly separates by peeling from the edges. The frictional 
adhesion in all samples is at a low level, the bond having lost over 
50 percent of its strength. 
Table 6. Hydrostatic and adhesion determinations on butyl fabrics after aging in a soil compost 
HYDROSTATICS 
Aged 
Structure 
no. 
Material 
coated 
138 4 Comments or time held at 
days years 200 psi pressureo 
A-4902-1A Fiberglas 
lbs. per sq. in. 
104 68 
A-4902-1 Cotton drill 188 29 
A-4902-2 Cotton drill 151 19 
A-4902-3 Rayon 200 53 
A-4902-4 Rayon 200 18.5 
A-4902-5 Rayon 200 47 
A-4902-6 Rayon 200 20 
A-4902-7 Nylon 200 195 
A-4902-8 Nylon 200 200 
A-4902-9 Jute!! 191 10.5 
A-4902-10 Jute!! 21 9 
A-4673-2 None 17.5 
A-4673-3 None 14.4 
Burst 
» 
7 sec.-fabric & rubber toward 
water burst-outside rubber held 
105 sec.-burst 
26 sec.-burst 
79 sec.-burst 
22 min. + discontinued 
20 min. + discontinued 
Burst 
Started to bleed 
ADHESION 
Shead Friction 
Aged Aged 
138 days 4 years 138 days 4 years 
lbs. per sq. in. 
27 18.1 
10.8 
9.8 
7.1 
8.5 
9.3 
11.3 
61.0 
82.6 
8.6 
7.3 
14.4 
lbs. per linear in. 
4.5 1.9 
2.5 1.3 
7 3.5 
2.5 1.2 
4 
2 
6 
5 
3 
3 
3 
1.9 
1.4 
2.3 
1.6 
8.5 tore 
3.2 
1.8 
2.2 
3.3 
2.2 
°The peak pressure obtainable on the Mullen hydrostatic tester is 200 psi. 
Commentsi § 
Failure in self-
cured cement 
» 
Pulled face stock 
from fabric 
Failure in self-
cured cement 
Pulled stock 
from fabric 
Failure in self-
cured cement 
tThe shear strength is measured on the seam section when two pieces of butyl-coated fabrics are cemented together 
with the self-curing cement. This represents the actual seaming which was required for the field installations. The pounds 
per square inch recorded is at the time of separation caused by one of the following: (a) tearing of fabric (b) separation 
of calender coat from fabric (c) adhesive strength of self-curing cement. 
iRefers to test on material aged 138 days. 
§In determining the adhesion between the face stock and the fabric, the fact stock was too thin to be pulled away from 
the fabric without tearing, therefore, it was found necessary to cement two pieces of the butyl-coated fabric with a self-curing 
cement. Note that, in most cases, the bond established by the self-curing cement was weaker than the adhesion of the cal-
endered butyl compound to the fabric. 
JJPeriod-77 days. 
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Fig. 1. Butyl-coated 
fiberglas lining in 
Richmond Irrigation 
Com pan y Canal 
showing loose over-
lap joint 
Exposure Tests 
SAMPLES of the butyl-coated fiberglas were exposed on a roof at Bayway, New Jersey, and at Miami, Florida. The deteriora-
tion, if any, which accompanied one year's exposure to direct sun-
light could not be measured (table 7). Weather data which cor-
respond to the period of testing at Bayway are not available, but are 
given for the period of testing in Florida in table 8. 
Table 7. Hydrostatic determination on butyl-coated fiberglas exposed to di-
rect sunlight on a roof 
Surface condition Hydrostatico t 
Location during exposure After 6 mo. After 1 yr. 
lbs. per sq. in. 
Bayway, New Jersey 
Miami, Florida 
Flat 116t 
Flat 
1" dowel 
128t 
123t 
127§ 
116§ 
°Failures were characterized by rupture of the glass fabric and balloon-
ing of the upper gum coating. 
t Hydrostatic of original unexposed material was 125. 
tA verage of four measurements. 
§A verage of three measurements. 
Inspection shows no tack, no cracking, and no pitting of butyl surface. 
11 
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Table 8. Weather data for year of test at Miami, Florida 
Hours ultraviolet sun 
BTU / sq. ft. during ultraviolet sun hours 
Hours total sun 
BTU / sq. ft. during total sun hours 
BTU/sq. ft. during entire period (sunrise-sunset) 
Hours rain and dew 
Inches rain 
Maximum temp. (air-shade) 
Minimum temp. (air-shade) 
Maximum relative humidity 
Minimum relative humidity 
1,394 
379,53 
2,251 
481,324 
581 ,657 
1,090 
54.9 
93° F. 
34° F. 
1000/0 
310/0 
As previously mentioned, some canal installations were made 
in the vicinity of Logan, Utah, with the butyl-coated fiberglas. 
These linings appear in good condition after four seasons, except 
that in the places the fiberglas reinforcing had been damaged by 
the trampling of livestock and long continued flexing where loose 
laps were acted upon by high velocity streams. The hydrostatic 
resistances and adhesion values (table 9) for samples from these 
installations differed little from the original values for the material. 
Table 9. Hydrostatic and adhesion determination on butyl irrigation ditch 
linings in actual service. 
Years Hydrostatic 
in resistance 
Location service Original Aged 
Shear adhesion 
Original Aged 
Fractional 
adhesion 
Original Aged 
lbs. per sq. inch lbs. per linear inch 
North Logan 4 
Garden 5 
125 179.51 0 27 13 6.5 3.1 
36t 
125 HI 27 
°Samples where fiberglas was unbroken. 
tSamples where fiberglas disintegrated. 
Experimental Linings 
13 6.5 3.1 
SECTIONS of three canals were lined with butyl-coated fiberglas during 1948. The largest canal has a lined perimeter of about 
14 feet and is designed to carry 50 cubic feet per second. A butyl-
coated fiberglas lining was installed in a 113-foot section of this 
canal. The other two canals or field ditches had perimeters of six 
Fig. 2. Butyl-coated 
fiberglas lining in 
Richmond Irrigation 
Com pan y Canal 
and four feet. Butyl-coated fiberglas linings were installed in a 
200-foot length of the 6-foot perimeter channel and 124-foot length 
of the 4-foot perimeter channel. In the 50 cubic feet per second 
canal, the butyl-coated fiberglas was installed in three lengths of 
44, 32, and 37 feet plus the length buried and the overlap. The 
perimeter of the channel being 14 feet and the width of the ma-
terial 3 feet, it was necessary to cement six widths of fabric to-
gether in order to provide a width which would be sufficient. The 
cement used was the same as used for the 2 by 12 inch speci-
mens prepared for the compost (table 4). The first length was 
anchored at the upstream end by digging a trench approximately 
one foot wide and one foot deep transversely across the channel 
at the upstream end of the section. The end of the fabric was 
13 
Fig. 3. Butyl-coated 
fiberglas lining in 
high velocity lateral, 
Richmond, Utah 
looped into the trench and covered with earth and the earth com-
pacted. The edge of the lining paralleling the channel was buried 
in a similar trench on the berm. The downstream end of the first 
strip was lapped back two or three feet and a trench dug trans-
versely across the channel and the upstream end of the second 
length anchored in the manner described previously. This was. 
repeated in the case of the third length. After the installation of 
the successive lengths, the material lapped back on the previous 
length was pulled forward over the adjacent downstream length 
to provide a loose lap joint of about two feet (fig. 1). The canal 
in operation with the lining in place is shown in fig. 2. 
Installations in the smaller ditches were made in a similar 
manner, except that a lesser number of widths were cemented to-
gether. The lining installed in the 6-foot perimeter ditch is shown 
in fig. 3. Sb'eam velocity is high, (10 feet per second), as evi-
denced by the turbulence. This lining was installed on a sub grade· 
of uncompacted material and the lining failed at the joints appar-
ently because of vibration and the disintegration of the fiberglas. 
14 
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reinforcing. The lining in the 4-foot perimeter ditch, while sub-
ject to nearly as high velocities, has not failed noticeably, although 
there is evidence that the fiberglas reinforcing has deteriorated in 
localized areas. An explanation for this may be that the sub grade 
in the 4-foot ditch was firm, undisturbed material. Burying the 
fabric in the berm, while probably the cheapest method of in-
stallation, makes it difficult to obtain a smooth job because of the 
uneven tension at various points on the fabric. A smoother job 
could have been obtained, however, by exercising more care in the 
installations. 
This lining in the 4-foot perimeter field ditch, after four sea-
sons, is still in good condition and shows little sign of fabric de-
terioration. Livestock crossing the lining ruptured the fabric in 
some places. However, these breaks have been patched. One of 
the breaks in the lining was enlarged with a knife until the stream 
took its course under the lining. The water entering the break 
flowed under the lining until it reached the joint where it took its 
course again on top of the lining. It might be observed that it was 
necessary to make a large hole in the fabric before it was effective 
in diverting much of the stream under the lining. The breaks in the 
fabric did not enlarge during the test run. After the test, the lin-
ing was repaired by cementing a patch over the breaks in the 
fabric. Only slight erosion of the subgrade resulted, but if the 
water had remained in the channel longer after it got under the 
lining considerable erosion would have resulted. Seepage associ-
ated with the butyl-coated fiberglas installations has not been 
measured. There is a possibility that some loss occurs through the 
uncemented lap joints, but this is believed to be small. The open 
joint is good insurance against extensive damage resulting from a 
break which permits the water to get under the lining. 
Discussion 
T HE results of aging in a soil compost and exposure to weather-ing indicate that butyl fabrics will be highly resistant to de-
terioration from biological activity and the agents of weathering 
such as sunlight and temperature when placed in contact with the 
soil. Although the tensile strength is good for thin gabrics such as 
these, it is not sufficient to withstand the traffic of livestock without 
mechanical damage as evidenced by breaks caused by livestock 
crossing canals and ditches lined with the butyl fabric. In view of 
this, it appears that if it is to be used as a lining it should be a 
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buried membrane similar to buried asphaltic membrane linings. As 
a buried membrane, the unreinforced butyl sheet likely would be as 
effective as the reinforced butyl-coated fabrics, and would be some-
what cheaper. Unlike the asphaltic membranes, it is not subject 
to appreciable deterioration from sunlight or aging in a soil com-
post and it will not be penetrated by either plant shoots or roots 
as shown by Lauritzen. 4 
Certain disadvantages are inherent in all buried membrane 
linings; the velocity must be restricted and the capacity of canals 
on the same grade with the same cross sectional area is smaller 
because of the greater roughness of the cover material. Likewise, 
maintenance of buried membrane linings is extremely difficult. The 
advantages of an exposed liner over the buried type seem to justify 
continuing the search for a material which would be adaptable to 
. such use. A satisfactory membrane would, of necessity, have to 
have greater strength and resistance to mechanical damage than 
the butyl fabrics tested. The excellent durability of these coatings 
indicates that butyl-coated fabrics have possibilities, if sufficient 
strength to withstand mechanical damage can be developed. Such 
a liner would cost somewhat more than the fabrics which have 
been used, but probably can be fabricated at a cost competitive 
with other materials for small field ditches. 
An application which appears to hold considerable promise for 
materials of this type is their use as flexible pipe for conveying 
water. The use of pipe rather than ditches has many advantages. 
It eliminates the need for a ditch and the attendant problems of 
ditch maintenance, weed control, and the operation of farm ma-
chinery. Flexible pipe is unlike buried pipe lines in that the pipe 
may be moved from place to place with ease, while at the same 
time providing the good control features of conventional pipe line 
installations. Butyl-coated fabrics should be well adapted to the 
manufacture of flexible pipes and the use of pipe rather than lined 
ditches appears to be better approach when irrigation streams 
are small. In this connection, consideration will need to be given 
to the type of reinforcing material used. Nylon, judging from our 
tests, would be best, but may be too costly. While fiberglas will 
probably be cheapest and best in some respects, the tendency for 
this material to disintegrate under vibration may make it less de-
sirable than cotton drill. 
4A test of durability of canal lining materials is their ability to resist 
root penetration. Utah Agr. Exp . Sta. Farm & Home Sci. 14 : (3 )58-59, 1953. 
